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(M) THE DETERMfNATK)N OF HYDROGEN 
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l(ni>i I (li htKb 

mveimi o \.\hi h »e jnv li i a >■« m 
!?33\ bi. ,14! ic<f tu IK aid tt»e n i,iiK(l bs 
whi(.>nn Pbi,{,t,ft n d tobLpiritnlaf 
h I'e'if.nbi.i in wJ the t)li<.v>ir_ s i i. 
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h 



I quar. 



normal I 

nvJuditti., I thv rfii t in p«t) tiht 1 7 

the (iu«mnatu>ti 0 lutiu ^t-n jmpuntit* m 
molted metals or fsliow. 

{he pfcseiice oi hvdropen m molieo 
mefats ptoses a serious problem ofira? cmts- 
ns, nvii.npe t}>e t-'ti'.ile strength tl 1 i 
■•O proiiiKL i-OT instanrt mdrogen prs t 
nohtn -^iiminram gi\ ^ rjsi to the 
li >n 0' ctii k<t trui \ ji K »\ th I ' 
sohditit len )U h Jiirmusf 111^ tbt u «U nt 
str rg)h piopi.-tie'. In wm vquwiu ihtit 
t«rt 11 i h i,hu ii-^i ■i'-lc t > iL'eiimnt tlit 
h>dtoge,n ciUni jf liu mohtn net 1 bi, 
fore !. Siting 3 tti >ugh Uthm jik-. hi*hi-rtn 
a aiiabl ui-h s thai ti v JiiUi hvLiofjen h, 
rinin;.i matr .icuum from the htattd 
JO metai and recovered bv condensation at 
liquid Ditrogeii sentperatures. are far loo 
ctimttrs imi, to hi. fait in tor this pur 
po«!t. A ^ih riit t hniqut, now iwn 
di.\i!.td meiji's of ftl «,h the j>{«rvn 
^ conttm rj molten mi til <iiii.h i<, libnmtum 
IS 1- iiTipk d<M 4111 nIv cktL mm (♦ 



Tne Ki 

ihe duterroinu t ji ot th liuSu t n ; 
\mmst rcwni m a sohwai tc a.>mpnMi ^ s 
profK'- m tsie form oS a tabe ot lasulating 
cerasTiiC matertai. dosed at one etnJ by a 
peJlet of metal hwirtde sohd electrtjlyte. tfee 
■ - m.iterinl. and in 



h th 



rotvi. 



tmct and the relcrcnie mk ot (Jte solid 
electrolyte with a suitable e.m.l. measjunng 60 
(Jevfc* e.g. a fiigh impedance voUtneter, for 
instante. means m the toim of eiectricallv 
eondiictmg metal electrodes. 

i!ie .■^op.iratus and tnefhod of the present 
iiivi-n!i.-.m av.. f^arlioalariy useful for the tiS 
lieicnuifijiuir, i>i uvdrogen present m mol- 
tc-!i uu-tiil', or ailovs; dious;!) it wiii be 
appreciated (hat tht' (tivetUion mav be ap- 
plied to the determmatton of hvdtogen in 
other environments, for instance hvcTrogen 70 
nresent ttt reducinjj gas mmures such as 
those which are encoumercd m the pet- 
roeheraical mduvtrv. 

The isvd i^i. . LtrMst <. tb ^ 

h\dndc "iKh ^ 11 in ilkiii 1 1 
idklfini. Lift'i .> n inJ I u LiH 
NaiJ KU RIH ( sH t. .H SU 1 jH 
B H NUl IjHUhuii h X. Ti n 
t(,n p i > 1) t, of tti >itt.ii HI 1 1 th<. i«dri i 1 SI 



In a< 



itclbm nihf sihsl rut md^r kt 1 
maienaf wh(c5> ate ■vepiifatcd trow one 
antilher hv a solid eieeirolvte comprjsmg a 
metal hydtjde, us whtdi the eteetrolyte ts 
sealed trom the auftosphcte prior to use. 



sent jiivcntioii (vpicaliv exhubiss s conitatii 
hydrogen aetivitv under the conditttins at 
which determination >s carried out e.?,. at 
the elevated temperatures ct moheii mesais. 



and !hc adticsivt' iavtr burns otf txposwfr 
tfie solid efectrolvte to the molten alumi- 
nriini batl-s. (jenerafiv (he probe (s ciiscardect 

rfii; mctlioti and appiiratim of nhe prt-y^fit 



ire S.j.h 
induditig 



ClMt 

pfohe Otw i)N Ifi r 
eld'-itJp \vhi>.i cpitiC"; the 
wilt, 1 iht prox i<. in i)>>(. Syth >) 1 

siiuctt-d o* <; lit tiii? .(uroMui re-- ' 
liLtilH tordiitm; Ti iitu t! such i 



aif those mmh (Jisciissi:i 
conu-M of mct-i b\4l'i^-V •■i.Ji c- t-Ur ^hti.s 
In psrticuiiir the reicrencc ni<-i!ctial mav 
consiM of a metalmii:!;)) hvtinde inj.>:Wff 
haMFiF tilt ■^•tPi. meti! .oniponi-rtt a\ t^^. 
soi((3 electrohte, especia'iv a caicsuvn.'cat- 
cram hyfirids tnixmre. 

It wili be appreciatefi thwt meta! hyd- 
riJi.^ ire subiCLf to am j^pb nc att jtK jm^ 
undergo rapid Jcienot;ttif>!i on exnoisiirc- 10 
Air Ilwvtt't'yrfid kv 1 >1m << m > in 
the pre»Ltjl invent 01 i- l ikJ tr n tf t 
atmosphere prior to ust'. lii (>rie t;mlx>di- 
ment. the external surfjc-e of t!te sotu.' 
electToivte is seated frotri the atniosphere t5v 
3 layer of metal e.g. aliimmuim. soil svhsch 
IS preferably held to piisee by a sMitabtc 
3dhe<f,s. M'l i\ n impsct adiu'-i x. t e 
'Periuboid (?t,rm'ihf jici i R(.t,i'tcf<.d 
IfjJt: M.rki l»i.!k!(iK jKo th mte luJ 

ne DfiT t)^1h^.K l<11 I Ut H C tlu ^thi.! Flrf 

o>t !h(, tuhubt pro>^e is li'- ' dD-,t. i 

Iti or-e in p^umtnt m mturniit eleutroi'u 
passes th oii.b 1 <A\^ m ohl end of the 
XubLildi pto*), 10 tn, tie cksiitti" i,0n(4i.l 
eiiboT b\ (Ji (vt phviitai contirt <> thiouth 
an ek-ctdcaitv condm." 



iJ <ii ugvoii', toi dvtiiTninirta iviir U(,t) n 
fhe presence or molten metals or aliovs. 

Uie prov-ess and apparatus of the tnven- 
tic)!! are further illuslrated m the foiiowmg 
spttittc eiescrspiiot! atid fcxantple whicli 
refers to the accompanvitiB dtasraiits m 
which:- 

f igure 1 shows a ssde vjew of ati axtal 
section through a hvdroKen prose accorctiit!; 
to the present mv 

Fmiin- 2 shows 



asiiiiist dssioivecf hvdroacn concentratioti 
tor 8 moSten alummititn bath as ?25'G, the 
hvdroeen coticentration beiit^ determined 
bv (WO independent quitfititative techm- 
e(Hos. aud eompated with a thcoretjcallv 
esicutaied aus'c; 

f-ii;ute <! shows thcorsttfalfv calculated 
cun'ss tor hvdrogen probe e.m.t. agamst 
di*soi\ti^ h^ihojtn concctiti rioa inatnoi 
ten atu«i!m«m"bath at various tempera- 
tures. 

The hydrogen probe ot tiguic 1 is> con- 
structed as toUows; 

One cttd <«f an «-a!amina tube I (icnsXh 8 
ut txfernal d>«metet 4 ifn> mtct.tal dia 
tiieu r 2 ram) is ground flat, perpendicular to 
!■> fa 3>is and J diic of aluminiutn toil 2 
1 im thuxt ("i i.tied net this etid jsmg 
I'crtiialwnd ■ contact adnesivc 3. I he tube 
i is ttiMti',iF)stvrr..dio IF iri,M fil'cd^h t 
:h the probe is iurlhcr 



Calci 



llu pro'\- <s><rft o< h pntn iti\< 1 
tioil msv foiivemeiitlv be provided wiSh a 
suilobit hdiidii. or ( fur mi.jrs t ptrnit 
mmifulJUon 01 hsuikc t n n tiud i imi 
ot thi. piobt lolhs mo! c 1 m-tii buh Smh 
a hiinule ss jiencrailv provided wi;h itisuta- 
tson to protect the user ssamsi the txtrentes 
of temperature and ako mav ineorporatc 
eiectncailv condsictsng members bv which 
e\ter.ul 104! 1 itt r 1 d L'LLtrodi.<; im\ be 
dectruji 1 t "111 eat 1 1 ttk 'tt 

In usi. tK s'lrn 
eletiKihk is ili 1 1 

the waf i prt b to I ( - •- 
example. :it the tciiiptFLitdrc ol raolFen 
aluminium the alitininiuin ftui coaiitig melts 



' , mmwiii foti if s. ; (. ,U II n l'^ 

er^tiutcs ;i!c then tiled to proauce fmely 
powikred metathe calcium which is mixed 
aporoxmiiitelv i;1 with calcium hvdride 
powdsi to provide a powdered calcium' 
Cuicfusn hydride reference material. The 120 
relative proponiotis OJ caiciunt atid eaicium 
hvdride in the reference may, however, be 
varied widely, as any tnixture of calcium and 
calciiini hvdride pives a known partial prefts- 
lire for a eivcn lemticrature. This powdered t.^.*? 
reference is tncn 5ini!!arlv pacKcd into She 

rcterence laver 'y of depth afx>ut if) nun 
whicsj IS tiiinflv fiimmed hotne with a silver 
stiiof rod fi ! Icnsth S cm, diainetcr 2inin) the iMi 



h h IS bi.(.n imwuil tc- i point 

\ut<i ti" i.tni;rii md ht,n 
Jill the %lovii box and stored 
-./d\ atmosplieri!.-. t-OF)ditiofti. 
^)j<->\ tfiv. )iK 10on)^iite in 



with a 



{ mprisir ^ 41 i,t.ntr '-ts.^t 1 jd 11 t ^twiii h <i 
tb it«\v.r uid IS lit i„hL(i H i siTca < ritn^ 
tht tLnirdl siher ^teJ mti naf e tciri >.t, 0 of 
the probe ijurrouiidmg the ceniraf fOci tl. 
and separating « fmm an outer sttct luoe 12 
jsanmsuUunsMlid jIx ' Tht '>ufer titbe 
12 .1 «rfver Meei r<d !4 {! Fii.r 1 2ii cm 
diameter 6 iimi) wfided to ns ki^vt:r enii lo 
pro\ide lin eut<-ni>l t.L troiL A.K (f r 
a iavcr it m^il itm f !t I t iped irdHtiJ iht 
outwk A iht tuU r t ju iidv Its t thei ^.r>^i 
*f protidt I tiinJii, *i> (.r<i( a th jsti 
3g3)nst tfit rm" Itmjviaurtb of tfit 
moltti 11 tNf Ifi ami t( K))dintt,r« 
tdtt Siith tht xi-in- itf-il e I" f I fie upper 
ends of the rod 1 ■ snd tube 12 are cftimeeted 
to a itiali imjiedance vokmetct 19 usuaih ov 
■1 .nj^iJ i.4ik slK.v G Jna mnunilK is 
ssit^ i-' is (tl iui.K 2 tii< mtLrnit 
electrode 6 ot the probe 10 no 



of tiie 



rod i i 



0 ihe 



vl- if (1l 

he 1 anlexttrtii! tkan de 
rfo ttL fjioit^n finwl t 5 
) n t iii.pt>v noi £.i(ce^i"*ing 
< ihinnna tuix 1 *h nigh it 
ui with a s iKaMt? ii.'ra- 
' h \wi) ih fc h no Mith 



\ 111 pjobv ot FiRuit. i IS us,.Q d sstiKc 
dtose t isurtr (he e m f t<ittd 
mi.lt nn-'f atirj s "t^inin^ 
(ivdrogeit at various points in tini? vviijlst the 

bath ! 



Hston Ua> ffliidriiti > i isiin st Ih H\cin 
test cijnsists or hsating a satopte ot iiiotteii 
nietftl Hi 3 cruabte evacuating tfce atmos- 
pberc and obssrs'itjg the metal suvfacc and 
riotms; ihe pressure "at wtiicf) biiDoies ot sas 
appear, this bema relak-d to the iivdroj-en 
(.ontLrt ci\ I I r-'tit Hk siiblusicn t<.s 
etnpiovttl (.'oiisisls II! 3iea(ini{ iht iihiiiimiuiit 
samrile m a lempcTaiurc lust t>oiow the 
ffieititti; point, retnovme "iss ivoHt tin? sam- 
ple bv means a dtftosion pumo, and 
slfttms ft tn tbe anaU-jicn! system ;t} low 
pressuri. foi (.itteim ihii m o\ phvsicai 
nT2tjio(!s. The results (.>lMai»<:d arc given as 
curves A B respectiveiv m figure 3, 
I-iKUte ,> » ;i sritpti .showmg curves of 
\ ( i.fn-t tied Ih v,^^n the pmbe 

tr idf i 1 as,dii St the 
.t sir {Kf 100 Si of 



alvUl it;.d 



95 



f{ ,/;.i!u <» Ai aiiii Of the subjusiO!. i..m...h.iv.v 
> !j4 mf iOO g W and b> >iibtr<s<.in? 
these vahiess from the expenmenta! va(ues 
the e\p nra;rt i data comt into line ^vtth 100 
the th-irtt! i"\ !<fiiifi i.iuvi.f clc-'^rK 



r Vi 



posw% tbt. ^. ! Htm h\ irn l Itvtin 
the m^}lttn "-jth I'l '^tt<. I tss 
,'i.siered hv i!ic vott- 



^S!KS 



K thv 



u pattiid prt!isiir>; wtthiiMi^ 

reference to standard eiirves. see higure 4, 
(Tiikmc suitibU ,jd)usfn>.»' m the t,i<!e )t 
ailovs and otner mixtures. 

After ihe deterrasnation the probe 10 and 
esternal electrode 14 asseatbiv are removeii 
from the molten bath. s»d the probe 10 is 
unscjewed front the centra! rod li and 
dist;arded. and afresh pfotre tl! is connected 
for the next dffiermmatioii. 

Ge»era!iv the equihbriuin or resooiist^ 
tame is a fnnctton of the stze of tne probe 10. 
a!»ri idtiltv the Llei,tToi>ti. * 11 J thin litfist. 
tiehet m6 onh « s iiit! dmotitti Oi n:re^l e 
matert.*! ^ \-> ustd The ibovi. di.Mt,n 
however, is sutisble ft)? conslTSJCison witii 
reidi>\tH uiisophis* taled labor.-'tiirv tanh 
tios and awes jchabfe results. 



i\ oldtt lull. It 4 1 f I m t ^Lrentdd 
^.jin'-t i^(,t ^^1 1 It u ii I. ifioi s tempei 
atures. The i.-attutaied cuives may be used 
a.<; a comparison to deterratnt; hytiroKCR 
WHitent from c,jK,f. data obwined with 
utitintwtt f.>ath samples 
WHAT WT. Cf.ATM IS;- 



determttiaiion of the tivdrogc: 
tiott present sii a moiten met 
4, A tnethoti iicecjtdifiii u 
preccdinf! Usims. in vvhid- ( 
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riiie KiixUircv 

5. A mothd'j accoffJiiig to any tif the 
preceding Ciaims substairtsaUy a5 hereinbe- 
fore described ami lilustraied with particular 
reference to iiio esiampie at^tl accompanying 
fijagrairis. Figures 1, I. 3 snd 4. 

lije hvfSroaiFi coriC:enti'atii.m present in a 
substa'iiee coixiprissng a pvobv in the form oi 

closed' at om: end bv ' a 'peSlet of metaf 
hvdride soSid electroSvte. the tube contain- 
ii% reference maMri.i). and which the soUd 

eJie'csrolyte is scaled from the atraosphere 



8 Apjnr tus ii. cwdi it> tfi CUim '■or 7 

aik iS[ ( itk I mt- tarth m lii hvdrulc. 
9. Appjr.i.us .itu.rJ.ir... tj Udnn in 
25 v.h i li sj'ii d tnUti I nin <s 
Ithiuii diiim t ifun iiLi'aifTifi cti i 
W- Apparatus ;icct)rd)iia to afi>- ot 
CldJtni 0 u m Oh h the reftrtn v m (cm 
consists ot a metal/metflJ hydride mixture. 
30 11. Apparatus accoidmg to CJaiiti 10, m 
which ihe reference ttiBieria! consists of d 
ofnumt ! on h drx't. mstun. 

P u uurfiiia i) dn^ 

Chms6 U n \%hcbt'i Nt. n^! orf^ .f 
35 tilt. '^>U<.' dt ir i t IS St 1 I tfi 1 tin 
atmo^,i!Hr t i i < r [ in i d ^ 

UaitT.f-)ir II will >K.i intern! i in U 
pn^ L<; thi it ) =1 <!i. ti in <n nc! ot the 
40 tuKUr prob to miKl kctr<. ! (.ont^a 
vt tti tilt mttrn-it siifta t oi h <; liuf r uum 
]>ti. f tht cth (fH "iht. tuhiti Of!.' 
jnltht-re it) Ml n t kUr 1 pttdto 
<.fint 1 tb ti Tt n I ^1 r tb<. 1 it 



CUm 6 3 1, --rip 1 til 1 hi Id pr t 
ivi!l irw! Doti ^n' iti pntii i-trm! 
i\ condnitf-Jij mt.fn es t i utinecu i to 
ttt fitl it<t? iptkrttit V 111 i 
i^ \pptrmis SL vdiot to t\ ot 
C\tm <i M ^ui-td) ttdlv a-. bv,re!nDt,*o t 
described and Ukstratt-d wjih parttcufar 
retertnce lo ihe accotttpanyins! diagrams, 
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Agent tor tJie Applicants. 



1K4223 COHPLETE SPECiFiCATtON 



Sheet I 




1594223 COMPLSTE S?EC!FICATtON 
^MPCTt ^^'^ rffowmj fi 0 rep'odwetion of 




COMPIETE SPEORCATION 
0 (.Ljcc-re T/lis (Snwittt Is c repnduetioti of 
SMceia Ortglr,<st 00 a reducerf scale 

Sheet 3 




